The hierarchical assembly of DSCs containing a new heteroleptic copper(I) complex with a phosphonic acid anchoring ligand is described; it is shown that conventional I 
Dye-sensitized solar cells (DSCs) are photovoltaic devices in which the response of a semiconductor is extended into the visible region by use of a coloured sensitizer. 1 Attention is centred upon the replacement of first generation sensitizers based on ruthenium complexes by those using other metals or organic dyes.
Copper(I) complexes [Cu(L anc )(L)]
n+ are leading contenders for use as dyes based on Earth abundant metals. 2 We are currently optimizing the performance of DSCs based on copper(I) complexes and report in this paper on (i) the improvement of the spectral response of the dyes (ii) the stability of the surface-bound dyes and (iii) the long-term stability of the DSC. We have developed procedures for the assembly of heteroleptic copper(I) dyes by ligand exchange between a surface-anchored ligand L anc and [Cu(L) 2 ] n+ . [3] [4] [5] [6] [7] Pellegrin, Daniel, Odobel and coworkers 8 have reported DSCs with an extended spectral response utilizing a 2-(diarylaminophenyl)-1H-phenanthro [9,10-d] imidazole ancillary ligand. 8 We now describe our studies of DSCs using related ligands, which both give improved spectral characteristics and improve the stability of the heteroleptic complexes (phen complexes are typically one log K unit more stable than bpy analogues).
Optimal performance is achieved with phosphonic acid anchors, which both stabilize the surface-bound complex with respect to carboxylate L anc systems and lead to enhanced energy conversion efficiencies. [4] [5] [6] [7] 9 The inclusion of an aryl spacer between bpy-unit and PO(OH) 2 -anchor is beneficial. 7 15 The second is the incorporation of a triphenylamino-substituent to extend the p-conjugation and increase the spectral response. The third is the introduction of a long chain substituent which is known to suppress intermolecular aggregation by preventing extensive face-to-face p-interactions between aromatic units. 16 Self-assembly of dyes at the semiconductor surface produces a hydrophobic monolayer that repels iodide ions in the I À /I 3 À electrolyte thereby reducing the rate of recombination and increasing the open circuit voltage (V oc ).
17
Scheme 1 summarizes our synthetic approach to a first generation ligand starting from 2,9-dimethyl-1,10-phenanthroline-5,6-dione. 18 Treatment of the latter with 4-bromobenzaldehyde and an excess of NH 4 OAc in ethanol yielded compound 1. 6 ]. The approximate doubling of the extinction coefficients of the bands (assigned to p* ' p and p* ' n transitions) in the UV region is consistent with the presence of two ligands in the complex. The spectral response of the complex extends to 600 nm, with l max for the MLCT band at 476 nm. 3+ is seen by comparing the data in Tables 1 and 2 . For all the cells in Table 1 and the top half of uptake by the TiO 2 is affected by the time over which the photoanodes are left to soak in solutions of the dye, we prepared a set of DSCs with a dipping time of 64 hours. In all other respects, the DSC fabrication was the same as that of cells in which the dipping time was 24 hours. Cell characteristics (Table 2) show that a longer soaking time leads to superior performance, and that the optimum concentrations of H 2 O-TiCl 4 during post-treatment are >15 mmol dm
À3
. The external quantum efficiency (EQE) spectra for four of the DSCs in the top part of Table 2 are shown in Fig. S1 (ESI †), and confirm that the highest concentration of TiCl 4 leads to the highest EQE (E20%) and improved photon-to-current conversion efficiencies, especially at longer wavelengths.
Comparison of the data in Tables 2 and 3 Fig. 3 shows corresponding EQE spectra; a maximum photon-to-current conversion efficiency of 32% is observed. Table 3 .
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